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Molded Flip Chip Package 

COPYRIGHT NOTICE 

Contained herein is material that is subject to copyright protection. The copyright 
5 owner has no objection to the facsimile reproduction of the patent disclosure by any 
person as it appears m the Patent and Trademark Office patent files or records, but 
otherwise reserves all rights to the copyright whatsoever. 

BACKGROUND OF THE INVENTION 

10 Field of the Invention 

The invention relates generally to the field of integrated circuit packaging. More 
particularly, the invention relates to an epoxy package that is formed in a stngle moldtng 
operation. 

Dp^rri ption of the Related Art 
1 5 Traditionally, semiconductor chips have been electrically coupled to electrical 

traces on a substrate via wire inter connects that are soldered on one end to the top active 
area of the chip and soldered to trace pads on the substrate that surround the chip on the 
other end. These types of tnterconnects are not particularly efficient, requiring space for 
both the surface area of the chip and a perimeter region for the trace pads, resulting m 
20 larger chip packages. To more efficiently utihze the substrate surface and facilitate 

smaller chtp packages, the flip ch,p interconnection process was developed. Essentially, 
,he acnve surface of the semiconductor chip is flipped over to face the substrate and the 
chip is soldered directly to trace pads located adjacent to the active surface. The result is 
a more compact and space-efficient package. 
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one of .he most sucoessM and effective methods of electrically connecting a 
flipped chip utiUzes oontrolled-collapse chip connection technology (C4). First, solder 
bumps are applied to pads ontheactivesideofthechip, the substrate or both. Next, the 

solder btnnps are melted and permitted to flow, ensuring that the bumps are fully wetted 
5 to,hecotrespondingpadsonthechiporsubstrate.Atackytl«x,styp,callyappliedto 

one or both of the surfaces to bejo.ned. The flux-bearing surfaces of the chip and 
substrate are then placed in contact with each other m general alignment. A reflow is 
performed by heating the chip and substrate package to or above the solder's melting 
point. The solder on the chip and the substrate combine and the surface tension of the 
,0 moltensoldercausestheeorrespondingpadstoself-alignwitheachother.Thejomed 

package is then cooled to solidify the solder. The resulting he.ght of the solder 
interconnects is determinedbasedonahalance between the surface tensionofthe molten 

solder columns and theweightofthe chip. Anyflux or flux residue is removed ftomthe 
ch,p and substrate combmation in a defluxing operaUon. Finally, an epoxy underfill ts 
15 applied between the bottom surface of the chip and the top surface of the substrate. 

surroundmg and supporting the solder columns. The rehabmty and fatigue reststanceof 
,be chip substrate solder connection is increased s-gniftcantly. The underfill acts to carry 

a significant portion of the thermal loads mduced by coefficient of thermal expansion 
(CTE) dtfferences between the ch,p and substrate, rather than having all the thermal load 
20 transferred through the solder columns. 

I. is desrrable inmany integrated chcuit applications to uttlize as thin a substrate 
or film as possible to maximrze the electrical performance of the resulting packaged chip. 
Typically, thin substrates or films are compnsed of a polymeric ma.enal and are 0.05 to 
0.5mm thick. Athmsubstrate'sshortervras help reduce loop inductance within the 
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substrate. Unfortunatdy, these thin substrates are very flexible making it difficuU to 
attach solder balls or pins thereto. Furthermore, in unreinforoed fonr, .hey are susceptible 
to damage during installafon and removal operations. The currentpractice is to bond 

rigid blocks of a suitable material to the periphery of the substrate to stiffen the entire 
5 package. The addUional operation of bonding the ngid blocks to the thin substrate 
srgnrfcantly increases the cost of the thin substrate package compared to a comparable 
package with a thicker substrate. 

A typical prior art chip package utihzing a thin substrate is illustrated in Figure 1 . 
A silicon chrp U 0 is electrically coupled and joined ,0 a thin substrate 120 by renewed 

,0 solder bumps 1 30. The chip package may also include various passive components 140. 
such as resistors and capacitors, also electrically coupled to the substrate 120. An epoxy 
underfill 160 supplements the solder bump joint 130 between the chip 110 and the thin 
substrate 120. A solder 145 may also be present around each of the passive components. 
Finally, stiffeningblocks 150 comprisingasuitablepolymericor ceramic or metal 

15 material are attached to the general periphery of the thin substrate 120 with an adhesive 
155 to increase theoverallrigidityof the package. Althou^ not shown, the thin 
substrate may have attached to its backsideaball grid array(BGA)or pin grid array 

(PGA) to facilitate attachment of the chip package with a circuit board. 



20 
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BRIEF 



DESCRIPTION OF THE SEVERAL VIEWS OF THE DRAWINGS 



The present invention is illustrated by way of example, and not by way of 
limitation, in the figures of the accompanying drawings and in which like reference 
numerals refer to similar elements and in which: 

Figure 1 is an illustration of a prior art package wherein a thin substrate is 

utilized. 

Figures 2a-f are illustrations of a chip package after various operations have been 
performed including the finished chip package as shown in figure 2f according to one 
embodiment of the invention. 

Figure 3 is a flow chart describing a method of fabricating a chip package 
according to one embodiment of the present invention. 
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DETAILED DESCRIPTION OF THE INVENTION 

A molded chip package and a method for fabncating the molded chip package are 
described, h, descrrbed embod,men,s of .he invention, a single molding process is 
utilized ,0 both underfill the stlicon chip and provide structure to increase the rigidity of a 
5 chippackage.Advantageous,y.thenumberofoperationstofabricateachippackage 

utilizing a thin substrate is decreased. 

Figures 2a-2f illustrate a chip package after various operations according to a 
preferred embod.mentof.heinventionhavebeenperfonned.F,gure3isaflowchart 
Ustingthe various operations that areperformed in moldingthe chip package, in block 
,0 SlOantncompletechippackagemwhichachtpandasubstratehavebeenjomedustnga 

flip chip process, such as illustrated in F.gure 2a, is placed in a bottom mold half 210. 
The moldcomprisingboth the bottom half210andthe top half220maybecompnsedof 

any suttable material including various metals, plasttcs. ceramics a>rd composites. 
Preferably.the mold wnihavesufftcentrigiditytoretainits form whileanencapsulattng 

,5 res.nisiniectedmtothemoldunderpressure.Thebot.ommoldhalf210naaybecoa.ed 

.itharelease agent or itmaybecoveredin par, widrareleasefdm. Figure 2b illus.rates 

a chip/snbs.ra.e package placed in .he bottom mold half 210. 

tablock 315, the top mold half 220 is placed over the ch,p/substrate package as 
shown ,nFigure2c.Arum,er 230 .stormed at thenrtersecionofbothmold halves 
20 throughwh,chares,nmaybe.njected.Verysmallairventsarea,sopresenth.themold. 
generally opposite the runner so *atU.ed,splaced air within the mold can escape when 
disp,acedby.njec.ed resin. Arelease film 240 maybe utthzedasabarrier between the 
„old cavity and the iutenor mold surfacesofthe top mold ha,f220.Typ,cal release 
films compnsefluorocarbon-based polymers and are typicallyO.5to5m.ls thick. 
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Alternatively, a release agent could be applied to the i»>er surface of the upper mold half 
220. Release agents are typically comprised of fluorocarbon polj^ers held in a liqutd 
suspension ttta. may be wiped onto a mold surface. The fluorocarbon polymers may 
include reactive molecules that cross-link during a cunng operation to create a conhnuous 

5 film on the mold surface. 

According toapreferredembodimentofthe invention, the bottom surfaceofthe 

oh,p no butts directly up against the mold surface of the top mold half 220 except for 
any apphcableinterveninglayerofreleasemm240.Th,s configuration ensures that the 

resin will not encapsulate the bottom surface of the ehtp 110 during moldmg, permitting 
10 Thermal Mterface Materials or ta.egral Heat Spreaders to be attached drrectly to the chip. 

thereby maximizing potential heat transfer rates. 

Next, ,nbloek320as shown in Figure 2d,aresin is injectedmto the cavity under 

pressure through rumrer 230 to underfill dte gap between the top surface of the chip 1 10 
and the corresponding substrate surface, encapsulating the solder bumps 130. as well as 
, 5 to form the structure necessary to stiffen the chip/substrate package. Typically, the mold 
destgnedsuchfltatwhenproperlyrnjected. the resin surroundingtheehipUOwtll have 

a thickness close to the height of the chip's bottom surface fiom the substrate surface. 
Furthermore, the resin will encapsulate muchofthesubstrate-ssurface. It is this volume 

of resin once cured that provides for the neeess^ rigtdity of the completed package. 

Typically, the resin utilized will be an epoxy having high strength and good 
thennal properties, includmg resistance to the high temperatures that can be generated by 
an integrated chip during operation. Additionally, epoxies in the uncured Hquid state 
have relatively low vrscosities making them ,deal for injection into close quarters such as 



is c 
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the space between the chip and substrate surfaces. Other resms may be uttod as 
appropnate. Potential alternative resins include BMFs, polyesters, and thennoplast.^^ 

Table 1 Usts some of the propert.es of a desirable epoxy formulation. M general, 
thedifferencemthecoefficientofthermalexpansion(CTE)betweenvrrgmunfmed 
5 epoxyandeitherasiliconchiporaremforcedplast.csubstratewmbesignmcant.G.ven 
the widerangeofoperatingtemperaturesthatampch^p package rshkelyto experience, 
..desirable to tailortheCTE'softhejoinedmatenals to be asclose as possible, thereby 

..mm..nganymducedthermalstresses. Conversely, too much filler could cause the 
.scos.tyoftheepoxyformulat.ontomcreasetoapomtwhereitisres.stanttoflowmthe 
10 gapbetweenthetopofthechipUOandthecorrespondingsurfaceofthesubstrateUO. 
i Addrt.onally,ifthefillerhasahighermodulusthanthevirgmepoxy,rta^ 
- thest.fmessofthecuredepoxyformulat.onwMchresultsmgreatern^^^^ 

resultmgchippackage.Accordingly,amiedepoxyresmcomprismgabout80o/oby 

weight smca microspheres is beUeved to be the ideal formulation. 



ru 15 
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F^l^T''"'^ AU Spherical 

Filler content ° 
Mean particle size 

Maximum particle size 65C/120sec 

Curing condiUon i65C/120sec, 6.9N/mm2 

SPfl.*^7 30secatl65C 

Gelation time 85 at 165C/120sec 

Hot hardness ioPa*s at 165C 

Melt viscosity a^^ppC 

Glass transition temperature 43Qeg^ 

CTE below Tg ^ppm 

CTE above Tg ^8 ^250 

Specific gravity • ^, *r 

Thermal conductivity 370^X^at25C 

Flexura modulus uo N/mm2 at25C 

Flexural strength 25C 

Volume resistivity '^■"^ 

Water absorption "-^ " 
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I. ,s also desirable to have an epoxy formulation fta. cures relatively quickly at an 
elevated tentperature so that chippackages can be fabneatedatproducttonrates, but that 

hasarelattvelylongpotlifeatroonttentperatureorevenslishtlyelevatedtemperatures 
so that the mixed epoxy and catalyst doesnot cure inthe supply linesbeforebetng 
5 i„jeetedintothemold.Thepreferredresinhasacureprof,leofapproxin,atelyl20 
seconds a. 165C. Depending on the properttes of an altemative resin formulation, 
dtfferent cure profiles may be specified that provtde suitable results. It ts also 
contemplatedthatcertainthermopla.t,oresins maybe utiUzed in themoldingoperatton 

that do not have a cure temperature but rather melt at an elevated temperature and 

10 solidify when cooled. 

Utthzing an epoxy resin of the type and formulation specified in table 1, the 
molding process v^ould proceed, accordittg to one embodiment of the invention, as 
generally described infia. First, the mold is either heated tol65degreesCelsmswiththe 

meompletechtp package containedtherein, or the mold ismaintainedatl65degrees 
,5 Celsiusandthe.ncompletepackageis,nsertedtherem.Nex,theepoxyresinisinJected 
tbrongh rumter 230 into the mold atapressureofaroundl-SMpa. The resmmaybe 
p.eheated to an tntermediate temperature to lower the viscosttyoftheresin and facihtate 
the resmtr^sfermoldingprocess. once the proper amountofepoxyis-njectedtnto the 
™.dcavity,themo,dis held atl65de^ees Celsius for at least UOseconds to hdlycure 
20 theepoxy. After cure, the mold is separated and the packaged chip, as deptcted in F.gure 
2e,s removed. Typically.the molded flipchip package wtUberemovedwhilethe mold 
,,otsotha.themold may immediatelybe re-used to fabricate another package;however 
.Usconcetvable that themoldmaybe permitted to cure before removmgthemoldcdthp 
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=„liHif,ed eooxy 255 from within the nmner cavity is 
chip package. Finally, the excess sohdified epoxy 

removed, resulting in a completed flip chip package. 

The resin upon ctin„gformsaino„olithicstructure250which is adhesively 

.ondedt„thechipandthesnhstrate.Thisstructure250r.l,sthesap~thetop 

3.faceofthechipandthesurfaceofthesuhstrate,effectivelyencapsu,atingeachofthe 

^.dethumpsthatelectricallycouplethechipnoandsuhstratenotogether. 

„e,themonolithicstructure250encapstdatesmostofthesidesurfacesorthe 

.Hipnoandmostofthesurfaceofthesuhstratcprovidingthenecessaryvolumeto 

provide sufficient rigidity to the resulting flip chip package. 

^theforegomgdescrip.ion.forthepurposesofexp,anation,numerousspecific 

...ailsweresetforthinordertoprovideathoroughunderstandingofthepresent 
.„vention.Theinvenf.onis,however,notlim.ted.othedescnhedemhodiments alone. 
,.Msvein,thedetaileddescnptionprovidedherein,snot.ntendedtolimit.hescopeof 
..einventionasclalmed. To. he contrary, embodiments of declaims have heen 

.oneofordinaryskilUntheart.— ...epresentinventionmayhcpracticed 
without some of the specific detail provided supra. 
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